PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bur ea u 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C08G 18/08, 18746, 18771, 18710, 18728, 
18/83, C09D 175/06 



Al 



(11) International Publication Number: WO 97/03 10 

(43) International Publication Date: 30 January 1997 (30.01 .97) 



(21) International Application Number: PCT/US9671Q88I 

(22) International Filing Date: 25 June 1996 (25.06.96) 



(30) Priority Data: 
60/000,954 
08/609,193 



7 July 1995(07.07.95) US 
1 March 1996 (01.03.96) US 



(71) Applicant: MINNESOTA MINING AND MANUFACTURE 
ING COMPANY [US/US]; 3M Center, P.O. Box 33427, 
Saint Paul, MN 55133-3427 (US). 



(72) Inventors: LARSON. Wayne, PL; P.O. Box 33427, Saint Paul, 
MN 55133-3427 (US). HEILMANN, Steven, M.; P.O. 
Box 33427. Saint Paul, MN 55133-3427 (US). KREPSKI, 
Larry, P.O. Box 33427, Saint Paul, MN 55133-3427 
(US). MICKUS, Daniel, B4 P.O. Box 33427, Saint Paul, 
MN 55133-3427 (US). SMITH, Howell, K., DO; P.O. Box 
33427, Saint Paul, MN 55133-3427 (US). PURGETT, 
Mark, D.; P.O. Box 33427, Saint Paul, MN 55133-3427 
(US). BORDEN, Thomas, R.; P.O. Box 33427, Saint Paul. 
MN 55133-3427 (US). MAY, David, C; P.O. Box 33427, 
Saint Paul, MN 55133-3427 (US). JACOBS, Gregory, 
R; P.O. Box 33427, Saint Paul, MN 55133-3427 (US). 
HACHEY, Kathleen, A; P.O. Box 33427, Saint Paul, MN 
55133-3427 (US). VELAMAKANNI, Bhaskar, V.; PO 
Box 33427, Saint Paul, MN 55133-3427 (US). MENZIES. 
Robert, H.; P.O. Box 33427. Saint Paul, MN 55133-3427 
(US). EASTTN, Brian, C; P.O. Box 33427, Saint Paul, MN 
55133-3427 (US). SCHULTZ, William, J^ P.O. Box 33427, 
Saint Paul, MN 55133-3427 (US). 

(74) Agents: SHERMAN, Lorraine, R. et al.; Minnesota Mining 
and Manufacturing Company, Office of Intellectual Property 
Counsel, P.O. Box 33427, Saint Paul, MN 55133-3427 (US) 



(81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY, 
CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IL, 
IS, JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD, SE, SG, SI, SK, TJ, TM, TR, TT, UA, UG, UZ, VN, 
ARTPO patent (KE, LS, MW, SD, SZ, UG), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, 17, TM), European patent 
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG. CI, CM, 
GA, GN, ML, MR, NE, SN, TO, TG). 



Published 

With international search report. 



(54) Title: SILYL TERMINATED SULFO^POLYfESTER-URETHANE) COMPOSITIONS 
(57) Abstract 

acid 

nSfr5Shfh» N u >. 9 ^ P° ,ymer tem S terminated by at least one hydrolyzable silyl group. The compositions of the invention 
^^SLi^TfH^^ * Cight °{. about 500 to K<™ bivalent and a nZ average SLSSt wegt to tS 
SveSS!tdT n " **** trcatmCntS wch ^^surface energy coatings that exhibit relSse towS 



i 

s 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 

United Kingdom 
Georgia 



AM 


Armenia 


GB 


AT 


Austria 


GE 


AU 


Australia 


GN 


BB 


Barbados 


GR 


BE 


Belgium 


HU 


BF 


Burkina Paso 


IE 


BG 


Bulgaria 


IT 


BJ 


Benin 


JP 


BR 


Brazil 


KE 


BY 


Belarus 


KG 


CA 


Canada . 


KP 


CF 


Central African Republic 




CG 


Congo* 


KR 


CH 


Switzerland 


KZ 


a 


Cole d'lvoire 


U 


CM 


Cameroon 


LK 


CN 


China 


LR 


CS 


Czechoslovakia 


LT 


CZ 


Czech Republic 


LU 


DE 


Germany 


LV 


DK 


Denmark 


MC 


EE 


Estonia 


MD 


ES 


Spain 


MG 


PI 


Finland 


ML 


TR 


"France 




GA 


Gabon 


... MR 



Italy 
Japan 
Kenya 
Kyrgystan 

Democratic People's Republic 
of Korea 

Republic of Korea 



Sri Lanka 
Liberia 



Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

Mali 
'Mongolia 
v Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 
Sweden 


SE 
SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


"TO 


Uzbekistan 


vVN 


Viet Nam 



WO 97/03101 



PCT/US96/10881 



SILYL TERMINATED SULFOPOLYf ESTER-URETHANF) 
COMPOSITIONS 



Cross-Refer ence to Related Application 

This application claims priority to U.S. Provisional Patent Application 
1 0 No. 60/000,954, filed July 7, 1 995. 

Field of the Invention 

The present invention relates to water dispersible sulfopoly(ester-urethane) 
compositions having at least one sulfo-organic segment. Compositions of the 
1 5 invention have utility as durable treatments such as low surface energy coatings that 
exhibit release towards adhesive materials, grease, and oils. 

Background of the Invention 

Surface treatments for polar surfaces which demonstrate durability or 
2 0 substantivity toward aqueous challenges are desirable but are often difficult to 

achieve. Such treatments are particularly desirable for hydroxy functional surfaces 
such as, for example, siliceous surfaces or cellulosic surfaces, where it is desirable 
to achieve the treatments without adversely impacting the visual properties of the 
surface. 

25 Aqueous solvent dispersible linear sulfopolyurethane resins prepared from 

hydrophilic and hydrophobic diols have been disclosed in U.S. Patent 
No. 4,307,219. Hydrophilic sulfopolyurethanes and sulfopolyureas are disclosed in 
U.S. Patent Nos. 4,558,149, 4,746,717, and 4,855,384. 

30 Summary of the Invention 

Briefly, the present invention provides water-dispersible sulfopo!y(ester- 
urethane) compositions which comprise, in their backbone, at least one arylene or 
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alkylene sulfonic acid group or a salt thereof, the polymer being terminated by at 
least one hydrolyzable silyl group. The compositions of the invention preferably 
have a sulfonate equivalent weight of about 500 to about 12,000 g/equivalent. 

In a further aspect, the invention comprises aqueous dispersions comprising 
up to 60 percent by weight of the sulfopoly(ester-urethane) compositions and 40 or 
more weight percent solvents such as water or aprotic solvents (e.g., methylethyl 
ketone, acetone) and optional adjuvants in amounts suitable for their intended use. 

In a still further aspect of the invention, a process for the preparation of the 
sulfopoly(ester-urethane) compositions of the invention is provided. 

In yet another aspect of the invention, self-supporting films, fibers, and 
molded articles of the sulfopoly(ester-urethane) compositions are provided. 

In this application: 

"arylene or alkylene sulfonic acid group or salt thereof means a group 
comprising at least one aromatic or aliphatic group substituted by at least one 
sulfonic acid group or a salt thereof; 

"at least one hydrolyzable silyl group" means a silicon atom substituted with 
one or more alkoxy groups, at least one of which groups can be hydrolyzed to a 
silanol group; 

"catenary" means in the main chain or backbone such as the oxygen in an 
ether but not the oxygen in a carbonyl group; 

"fluorochemical segment" means an organic group comprising at least one 
segment containing a pendant fluoroaliphatic group having at least four fully 
fluorinated carbon atoms and at least one urethane/urea group, the group preferably 
comprising up to 20 carbon atoms; 

"group" means the specified moiety or any group containing the specified 
moiety (as by substitution or extension) that does not adversely affect the 
composition; 

"higher alkylene group" means an alkyl group having 5 - 30 carbons; 

"higher alkylene segment" means an organic group comprising at least one 
segment containing C12-C30 alkyl pendent groups and at least one urethane/urea 
group; 
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"hydrophilic segment" means an aryl group comprising a pendant sulfonic 
acid group or salt thereof; 

"hydrophobic group" means an organic group comprising at least one 

hydrotyzable silyl group; 

"hydrophobic segment" means an organic group comprising at least one of a 
polysiloxane segment, a higher alkyl segment, and a fluorochemical segment; 

"lower alkyl group" means an alkyl group having 1 to 4 carbon atoms; 

"molecular weight" means the sum of the atomic weights of all atoms in a 
group of atoms or in a segment of a polymer and under circumstances where the 
group or segment may be a mixture of two or more groups or segments is the 
number average of molecular weights of the groups or segments; 

"polymer" includes oligomers; 

"random polymer" means like groups can be located at various points along 
the polymer backbone and not similarly sequenced; 

"sulfopoly(ester-urethane)" means a symmetric or assymetric polymer or 
random polymer comprising at least one sulfo group, at least one ester group and at 
least one urethane group, optionally containing other functional groups such as urea 
and thiocarbamate; 

"urethane/urea" means an oligomer or polymer comprising urethane or urea 
groups or a combination thereof. 

Detailed Description of Preferred E mbodiments of the Invention 

The present invention provides water-dispersible poly(ester-urethane-urea) 
compositions comprising, in their backbone, one or more randomly disposed arylene 
or alkylene sulfonic acid groups or salts thereof, the polymer being terminated by at 
least one hydrolyzable silyl group. Coatings of the poly(ester-urethane-urea) 
compositions of the present invention or articles formed from the compositions can 
have low surface energy surfaces that exhibit release characteristics toward adhesive 

materials, grease, and oils. 

The sulfopoly(ester-urethane) compositions of the invention comprises 

polymers having the structural formula: 
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r4-C-(>-rB-(X>— R2)-(X«-R H )-(X«-R3)— x2-R3-Si(OR^) 3 l 
wherein 

R can be a Q-C12 aryltriyl or C» - C 2 o aliphatic triyl group(trivalent aryl or aliphatic 
group) in which M is a cation, preferably M is Na, but M can be H, an alkali 
metal such as K, Li, an alkaline earth metal cation (e.g., Mg, Ca, or Ba), or 
a primary, secondary, tertiary, or quaternary ammonium cation such as 
ammonium, methylammonium, butylammonium, diethylammonium, 
triethylammonium, tetraethylammonium, and benzyltrimethylammonium 
cation; preferably when R is aliphatic it is an alkylene group; 

R 

I 

SO3M can be, for example, but not limited to: 




wherein R\ R\ R D , R h , R*\ R\ and R 5 are defined below, except 
additionally, R 1 may also comprise an oligomeric segment, such as, for 
example, a polyester or a polylactone segment, 

m = 0orl,n = 0orl,s = 0orl, with the proviso that independently, one 
of m or n must be equal to 1, 
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a can be a number 1 to 10, 
b can be a number 0 to 4, 
c can be a number 1 to 15. 

The skilled artisan will recognize that the values for a, b, and c can vary over 
a broad range, depending on the molecular weight of the R ! and R 2 segments. The 
important factor in determining the value of these variables is the sulfonate 
equivalent weight of the final poly(ester-urethane) molecule, which should fall in the 
range of 500 to 12,000 g/eq. Generally speaking, the values of a and c will be 
larger when lower molecular weight R 1 (and R 2 ) segments are utilized and they will 
be smaller when oligomeric R 1 segments are utilized. 

R D can be 1) at least one of a divalent linear or branched organic group of 20 to 
about 150 carbon atoms in units of 2 to 12 methylene groups and arylene 
groups of 6 to 10 carbon atoms separated by at least one of 1 to 50 catenary 
oxygen atoms and by 1 to 30 oxycarbonyl groups, 




preferably at least one of 1 to 20 catenary oxygen atoms and by 1 to 10 
oxycarbonyl groups, the organic group having a molecular weight of 400 to 
2,500, preferably 600 to 1,000; or 
R D can be 2) an organic group selected from the group consisting of a linear or 
branched alkylene group having 2 to 12 carbon atoms, a 
cyclopentamethylene group, a cyclohexamethylene group, a 5- or 6- 
membered azacyclic group, a phenylene group, a naphthalene group, a 
phenylenemethylenephenylene group, the organic group optionally being 
substituted by up to four lower alkyl groups having 1 to 4 carbon atoms and 
a total of up to 15 carbon atoms, which organic group can be chain 
extended by a transesterification reaction between a diol terminated ester 
precursor and a lower aliphatic diester of an aliphatic diacid having from 2 
to 12 carbons or an aromatic diacid having from 8 to 12 carbons or reaction 
between a diol terminated ester precursor and an aliphatic lactone of 4 to 6 
carbons; or 
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R D can have 3) the structure {-R'-CX'-R'-X'-R'V} where p is an integer from 1 to 
5, produced by the reaction of a polyol with an isocyanate having the 
structure OCN-R 2 -NCO to produce a segment having a molecular weight of 
from 500 to 4,000, preferably 800 to 2,000; 
R 1 can be a linear or branched alkylene group having 

2 to 12 carbon atoms, or an arylene group having 6 to 10 carbon atoms; 
X 1 can be 

CNH » NHCNH , or ; 

R 2 can be an organic group preferably selected from the group consisting of a linear 
10 or branched alkylene group having 2 to 1 2 carbon atoms, a 

cyclopentamethylene group, a cyclohexamethylene group, a 5- or 6- 
membered azacyclic group, a phenylene groups naphthalene group, a 
phenylenemethylenephenylene group, the organic group optionally being 
substituted by up to four lower alkyl groups having 1 to 4 carbon atoms and 
15 a total of at most 1 5 carbon atoms; 

X 2 can be 

O R A R A 0 R A O rA o 

-o-U- ,_A4-A- . _o4 LL-, 

O R A R A 0 

— S-C-N— , Q- _A_^_o— 

wherein R A can be hydrogen or lower alkyl having I to 4 carbon atoms; 
20 R H can be a divalent hydrophobic group selected from 

divalent oligomeric siloxanes having the structure 

R* 

R J — (SiO)jj — R J — • 

A* 

divalent organic groups having the structure 
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R 3 -N— R J — 

i 



comprising a pendant alkyl group; 

or divalent organic groups having one of the structures 

R J_ N _ R J— . R J — N R 3 ' 

R NH 

f 1 

SO, 

5 or quaternary salts thereof, 

wherein R r can be a fluorocarbon pendant group, as defined below; and 
R 3 can be a divalent organic group, preferably linear or branched alkylene group 
having 2 to 12 carbon atoms, but it can also be an arylene, such as 
phenylene or an alkarylene group, each having 6 to 20 carbon atoms; 
10 R 4 can be a monovalent lower alkyl group having from 1 to 4 carbon atoms; 

R s can be a monovalent group selected from the group consisting of alkyl groups of 
one to about twelve carbon atoms, aryl having 6 to 10 carbon atoms, or 
aralkyl groups having 6 to 10 carbon atoms, with at least 70% of R 4 being 
methyl; 

15 e can be an integer of from about 10 to about 300; 
X ? can be a covalent bond, a carbonyl group, 



or an amide group 



2 0 R 6 can be a monovalent group selected from the group consisting of alkyl groups of 
about 4 to about 60 carbon atoms, preferably 12 to 30 carbon atoms; 
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R 7 can be a divalent group selected from the group consisting of alkylene groups of 

2 to about 12 carbon atoms; and 
Rr can be a monovalent saturated fluoroaliphatic group having 6 to 12 carbon 
atoms, at least four of which are fully-fluorinated carbon atoms. 
5 It is also understood that when the group R D (or its component groups R 1 

and R 2 ) or the group R 2 contains branched alkylene components that these 
components constitute additional termini of the polymer or oligomer and as such, 
may themselves be terminated by at least one hydrolyzable silyl group. 

The sulfopoly(ester-urethane) compositions of the present invention have a 
1 0 sulfonate equivalent weight of about 500 to 1 2,000 g per equivalent, preferably 

2,000 to 10,000 g per equivalent. The sulfopoly(ester-urethane) compositions also 
preferably have a number average molecular weight 2,000 up to less than 50,000, 
preferably in the range of 2,000 to 20,000, more preferably 5,000 to 8,000. 

. Representive processes for the preparation of the sulfopoly(ester-urethane) 
15 compositions are schematically depicted in the Reaction Sequences, below. 

Symmetric sulfodiacids or diesters are illustrated in the sequences for 
convenience. However, the skilled artisan will recognize that use of asymmetric 
sulfodiacids or diesters falls within the scope of the present invention. 
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REACTION SEQUENCE I 



o o 

R A 0-C— f^V-C-OR A ♦ HO— R 1 — OH 




CO 



SO.M 



sulfonic acid or 
salt (H 



polyol 
<") 

Step A 



a 



4-c-o-R 1 — oh] 2 



so 3 M 



sullhpolyoUllI) 



StepB 



StcpC 



, O 



Step 1M 



lactone 
IV 



O 



poiy(siilibdiol) (V) 

OCN-R 3 -Si(OR 4 b 
isocyanato alkyl 

alkoxy silanc [V\) 



1 . lactone (IV) • OCN— R—NCO polyisocyanate (IX) 0 

2. HY— \V— YI I polyol (X) + OCN-R^NCO (IX) 
(Excess lactone or polyol) 



O I 
|Lo~Rt£x ! -R-Xi-R»-)p ymJ , 



poly(sullbdiol)XI 




SOW 



rO -I 

Q^^VK-o-rQ-x'-r^shor^ 
rr 



/ step C- 1 

OCN-R J -SKOR 4 )3 



(VI) 



poly(sul lb alkoxy silanc) (VII) 



StepD 



o 



Hvdrolvsis 



O 

-(L l -0-R !1 X , -R 3 -Si(011) q (OR 4 )> q 



polyisullb silunol) (VIII) 
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REACTION SEQUENCE II (part 1) 




so 3 m 

suUbpoh'olflll) 



StcpE 



1 . lactone (IV) + OCN— R2 — NCO pol\ixucywuic ( IX ) or 

2. HY- RI — YH polyo! (X) + CX:N- R2 — NCO (IX) 



(Excess polyisocyanute) 
O 




poly(sulfo tsocyurcitc) XII 



^HYR 3 -Si(OR 4 ) 3 
Step F / a,n * no » hydroxy, or 

(XHI) 



SicpllN 



IiY— K-*-YII 

^hydrophobic polvol or polyamine 
(XVI)' 
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-X^-X'-R 1 



j^^jfi-O-R^X^Ri-X^R^SiCOR^] a 
SOaM 

po!y(sulfo alkoxy silane) (XIV) 
StepO | Hydrolysis 

jgjjf ^R*X^^^ rQ^^R^X'-R^X^R^X^X^R^SKOR^^ 



polyMfodiol) or poly (sulfoamiiw) (XVII) 

I I.OCN-Ri-NCO 
I 2. HYR*-Si(OR 4 ) 3 



SO3M 
po1><sulfoa»lanot)(XY) 



SOjM 

poly( stil lb alkoxy silaiw) (X VIII) 




Step J 

fO 



MydrolysM 

|U 

l^-O-U^X'-R^X^R^X^R^X^-R^SKOH^fOR 4 )^ 
poh<sulfodiol)(XIX) 

wherein Y = -0~ or -S-, or NR A ; wherein R A is as previously defined; 

R D = -R'-f-X'-R 1 )- or -R^X'-R'-X'-R'-H; 
and R\ R\ R\ R\ R h , X 1 , X 2 , and M are as previously defined, p is a number in 

the range of 1 to about 50; 
and q is a number 1 to 3. 

The sulfopoly(ester-urethane) compositions of the invention and their 
corresponding hydroiyzed silanols can be prepared by a process comprising the 
steps (see Reaction Sequence, steps A, B, C, and D) of: 

(a) (Step A) reacting a sulfonic acid or salt of formula (1) with a polyol to 

provide a sulfopolyol of formula (111); 

(b) (Step B) reacting the sulfopolyol with a lactone (IV) to obtain a poly(sulfo 

diol) (V); 

(c) (Step C) reacting , poly(sulfo diol) (V) with an isocyanato alkyl alkoxy 

silane (VI) in an inert organic solvent (i.e. tetrahydrofuran, methyl 
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ethyl ketone, dichloroethane, etc.) to form an poly(sulfo alkoxy silane) 
(VII); and 

(d) (Step D) hydrolyzing the poly(sulfo alkoxy silane) to form a poly(sulfo 
silanol) (Vin). 

In an alternative Reaction Sequence, the poly(sulfosilanol) (VIII) is obtained 
as indicated in reaction sequence A,B-1,C-1, and D; 

(a) (Step B-l) the sulfodiol (III) can be reacted with polyisocyanate (IX) and an 

excess of polyol (X) or lactone (IV) to form a poly(sulfodiol) (XI). 

(b) (Step C-l) poly(sulfodiol) (XI) can be then reacted with 

isocyanato alkyl alkoxy silane (VI)to obtain poly(sulfo alkoxy silane) 
(VII);and, 

(c) Step D hydrolyzing poly(sulfo alkoxy silane) (VII) to obtain poly(sulfo 

silanol) (VIII). 

In yet another alternative, the poly(sulft) silanol) (XV) can be obtained 
according to the reaction sequence A, E, F, and G. In this sequence, The poly(sulfo 
isocyanate) (XII) can be obtained from the reaction of sulfopolyol (III) with polyol 
(X) or lactone (IV) and a excess of polyisocyanate (IX) as shown in Step E. 
Poly(suIfoisocyanate (XII) can subsequently be reacted with hydroxyalkyl alkoxy 
silane (XIII) or aminoalkyl alkoxy silane or mercaptoalkyl alkoxy silane to obtain 
poiy(sulfo alkoxy silane) (XIV) and the hydrolyzed poly(su!fo silanol) (XV) 
according to steps F and G. 

In a fourth alternative, polysulfo silanol (XIX) can be obtained according to 
reaction sequence A,E, H, I, J. In this alternative, poly(sulfo isocyanate) (XII) can 
be reacted with hydrophobic polyol (XVI) to obtain poly(sulfo polyol) (XVII), 
which is, in turn, converted to poly(sulfo alkoxy silane) (XVIII) and poly(sulfo 
silanol) (XIX). 

Sulfoaryl-dicarboxylic acids useful for preparation of sulfopolyol (III) and 
subsequent derivatives are any of the known sulfoaryl-dicarboxylic acids. Examples 
of these include sulfoarenedicarboxylic acids such as 5-sulfoisophthalic acid, 5- 
su!fonaphthalene-l,4-dicarboxylic acid, 4,5-disulfonaphthalene-l,8-dicarboxylic 
acid, and sulfofluorenedicarboxylic acids such as 9,9-di(2'-carboxyethyl)fluorene-2- 
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sulfonic acid described in British Patent No. 1,006,579. It is understood that the 
corresponding lower alkyl esters, halides, anhydrides, and salts of the above sulfonic 
acids of formula (I) can also be used in the preparation. 

Diisocyanates of formula (IX) that can be used to react with the sulfodiol of 

5 formula (III) to form the poly(sulfo isocyanates) (XI and XII) are any of the well- 
known diisocyanates. Preferred diisocyanates are hexamethylene diisocyanate, 
toluene diisocyanate, isophorone diisocyanate, 4,4-diisocyanato- 
dicyclohexylmethane, 3,5,5-trimethyl- 1 -isocyanato-3-isocyanatomethylcyclohexane, 
and 4,4-diphenylmethane diisocyanate (MDI). Other diisocyanates include those 

10 described in U.S. Patent Nos. 3,700,643 and 3,600,359, among many others. 
Mixtures of diisocyanates can also be used such as a mixture of MDI and 
hexamethylene diisocyanate. 

Isocyanate-terminated sulfopolyurethane compounds similar to structure XII 
are described in U.S. Patent Nos. 4,558,149, 4,746,717, and 4,855,384. They are 

15 preferably prepared by the reaction of a sulfoarene or sulfoalkane dicarboxylic acid 
(or their esters), with two equivalents or more of polyols forming a mixture of 
sulfo-organic polyol and, in some cases, unreacted polyol. A range of 1.2 to 8 
equivalents of polyol can be useful with three to five equivalents being preferred. 
The sulfo-organic polyol or its mixture with excess polyol is then reacted with 

20 excess organic diisocyanate (up to about 15 mole % excess). 

Aliphatic or aromatic esterified sulfopolyols of formula (III) useful in 
preparing the isocyanate-terminated sulfopolyurethane compounds include ethylene 
glycol, propylene glycol, butylene glycol, hexamethylene glycol, 
cyclohexamethylenediol, branched chain diols such as neopentyl glycol and 1,4- 

25 (2,2,3,3-tetramethyl)butane diol, and the like. Examples of polymeric diols include 
the polyoxyalkylene diols, the polyester diols of organic dicarboxylic acids and 
diols, and the polylactone diols having a molecular weight of 62 to about 10,000. 
Examples of polymeric diols include polyoxyethylene diols such as the Carbowax™ 
diols available from Union Carbide, Danbury, CT, the polyoxytetramethylenediols 

30 such as Polymeg™ diols available from Quaker Oats Company, Chicago, IL, the 
polyester diols such as the Multron™ poly(ethyleneadipate)diols available from 



WO 97/03101 



- 14- 



PCT/US96/1G881 



Mobay Chemical Company, and the polycaprolactone diols such as the PCP™ diols 
available from Union Carbide. 

Examples of polymeric aromatic polyols include the polyester diols that are 
prepared from aromatic dicarboxylic acids such as o-, m-, and p-phthalic acid and 
5 diols such as diethylene glycol, methylene glycol, or glycol. 

Preferred polyols are the esterified products of an aliphatic diol, such as 
butylene glycol and neopentyl glycol, and a lactone, preferably caprolactone. 

The hydrophobic compounds of formula (XVI) can comprise polysiloxane 
groups, pendant higher alkyl groups, or fluorochemical groups as defined above. 
10 Examples of usefiil polysiloxanes include amino organic group-terminated 
polysiloxanes of the formula 

R 8 R 5 R 5 R 5 R» 

H— N— R 3 — Si(— oii)e— oli — R 3 -NH , 

r 5 A 5 i* 

wherein R* and R 5 are as previously defined, and R* is H-, CH 5 -, C 2 H 5 -, or other 
lower alkyl groups. These are known compounds which can be prepared by the 

15 procedures disclosed in U.S. Patent Nos. 4,098,742 and 5,091,483. 

Organopolysiloxane diamines useful in preparing the hydrophobic 
compounds of formula (XVI) which can be a precursor of the poly(ester-urethane- 
urea) compositions of this invention are those for which e is an integer of about 10 
to about 300, preferably about 10 to 100, wherein R\ R\ and R 6 are as previously 

20 defined. ' 

Hydroxyorganic group-functional polysiloxanes useful in preparing 
compounds of formula (XVI) are also known compounds and are described in U.S. 
Patent Nos. 4,098,742, 4,898,918, and 5,128,408. 

The hydrophobic compounds of formula (XVI) can also comprise amino 
25 organic group-terminated divalent organic groups having the structure 

R 3 _ N _R*_ , 

X 3 
If 
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each having an alkyl pendant group, wherein R'\ R 6 , and X 3 are as defined above. 
These are known compounds which can be prepared by the reaction of a blocked 
di(hydroxyalkyl)amine with a mono(higher alkyl) isocyanate wherein R 3 is as 
previously defined. 

Alternatively, hydrophobic compounds of formula (XVI) can be prepared 
from divalent organic groups having one of the structures below or quaternary salts 
thereof: 

-R 3 — N-R 3 - • — R 3 — N-R 3 - 

X 3 



u 



NH 

k 



each comprising a fluorocarbon pendant group which can be prepared by the 
reaction of a perfluoroalkyl sulfonamide with ethylene chlorohydrin, wherein R 3 , R 
and X 3 are as defined above. R t is a saturated monovalent fluoroaliphatic group 
having at least four fuliy-fluorinated carbon atoms Rj can be straight, branched or, 
if sufficiently large, cyclic fluoroaliphatic group or combinations thereof, such as 
alkylcycloaliphatic radicals. The skeletal chain in the fluoroaliphatic radical can 
include catenary oxygen, hexavalent sulfur, and/or trivalent nitrogen atoms bonded 
only to carbon atoms of the skeletal chain, such hetero atoms providing stable 
linkages between fluorocarbon portions of the R f radical. A fully fluorinated radical 
is preferred, but hydrogen and chlorine atoms may be present as substituents 
provided that not more than one atom of each is present for every two carbon 
atoms. While R r can contain a large number of carbon atoms, compounds where R f 
is not more than 20 carbon atoms will be adequate and preferred since larger 
radicals usually represent a less efficient utilization of the fluorine than is possible 
with shorter chains. Fluoroaliphatic radicals containing from about 6 to about 12 
carbon atoms are most preferred. Generally Rrwill contain 40 to 78 weight percent 
fluorine. The terminal portion of the R r group preferably has at least four fully 
fluorinated carbon atoms, e.g. CF,CF 2 CF 2 CF 2 -, and the preferred compounds are 
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those in which the Rr group is fully or substantially completely fluorinated, as in the 
case where Rf is perfluoroalkyl, e.g. CF3(CF 2 ) ro -, wherein m can be an integer of 1 
to 19. Suitable Rf groups include, for example, CgFn-, Q5F13-CH2CH2-, and C10F21- 
CH2CH2-. 

5 In particular, Step A of the process for the preparation of polyurethane 

polymeric composition of the invention can be performed by the reaction of one or 
more sulfoalkane or sulfoarene dicarboxylic acids with an excess of 0.2 equivalents 
or more of polyol(s), this amount being in a range from 1.2 to 8 equivalents of 
polyol(s), preferably 3 to 5 equivalents, i.e., an amount that will provide to the 

10 sulfo-organic segment at least one sulfo group per about 800 to 10,000, preferably 
1,200 to 2,000, of molecular weight. The sulfopolyol and excess polyol can then be 
reacted with excess polyisocyanate to form a isocyanate-terminated 
sulfopolyurethane, the amount of polyisocyanate being up to 15 mole % excess, 
preferably 1.2 - 10 mole % excess. The concentrations of the reactants in the 

15 solvent are adjusted so that the final reaction mixture has about 20 to 60 percent 
solids. 

Also, in particular, Step H is performed by reacting up to one molar 
equivalent of amino- or hydroxy-group-fimctional hydrophobic compound relative 
to the isocyanate equivalent of the poly(sulfoisocyanate) (XII) formed by Step E. 
20 The reaction sequences are typically carried out in an inert solvent at a solids 

concentration of about 1 5 to 80%, preferably 25 to 60% in an inert water miscible 
solvent. 

In another embodiment of the invention, the sulfopoly(ester-urethane)s can 
comprise alkylene sulfonic acid units in the polymer backbone. Such 

25 sulfopoly(ester-urethane)s typically are prepared using methods different from those 
described for the preparation of sulfopoly(ester-urethane)s comprising aromatic 
sulfonic acid units described above due to the lower thermal stability of hydroxy 
terminated dicarboxylic esters of alkyl sulfonic acids. Preferably, they can be 
prepared, however, by an alternative route involving the Michael addition of a 

30 bisulfite salt to an oligomer of an olefinic unsaturated dicarboxylic acid ester. These 
oligomers can be prepared from esters of olefinic unsaturated dicarboxylic acids 
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using procedures similar to those described above. Subsequent Michael addition of 
a bisulfite salt to the olefinic unsaturation in the presence of a free radical initiator 
will produce an oligomer comprising the salt of alkyl sulfonic acid units in the 
oligomer backbone. 

5 Olefinic dicarboxylic acids suitable for preparing sulfopoly(ester-urethane)s 

of the present invention include, but are not limited to, maleic acid, fiimaric acid, 
itaconic acid, and unsaturated diol polyfunction^ fatty acids (i.e., castor oil, etc.) or 
triglycerides of ricinoleic acid. 

Release coatings of the present invention can be applied as dispersions or 

10 solutions to substrates such as, for example, poly(ethy!ene terephthalate), cellulosic 
films, poly carbonate, metals, ceramics, glass, synthetic and natural fibers, etc., to 
prevent the adherence of various materials and to be used as release coatings for 
adhesive roll and sheet materials, e.g., adhesive tapes. 

Objects and advantages of this invention are further illustrated by the 

15 following examples, but the particular materials and amounts thereof recited in 

these examples, as well as other conditions and details, should not be construed to 
unduly limit this invention. 

The following reaction sequence and typical experimental procedures will 
20 serve to clarify the synthesis of the silyl terminated poly(ester-urethane) 

compositions of the instant invention. "Me" means methyl and "Bu" means butyl. 
Preparation of the sulfonated diol PCPSS1P shown below is described in greater 
detail in U.S. Patent No. 4,558,149. 
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Preparation of PCPSSIP Precursor 

A mixture of dimethyl 5-sodiosulfoisophthaIate (DMSSIP, 25. 1 kg, 85 mol, 
available from E.I. DuPont de Nemours, Wilmington, DE), polycaprolactonediol 
(PCP 0200, average molecular weight 5 14, 13 1 kg, 255 mol, available from Union 
Carbide Corp., Danbury, CT), and tetrabutyl titanate (78 g, 0.23 mol, available 
from Aldrich Chemical Co., Milwaukee, WI) was heated at 230°C for four hours 
and the methanol by-product of the reaction was distilled from the reaction. After 
cooling to ambient temperature, an oily product comprising an approximately equal 
molar mixture of PCPSSIP and unreacted PCP 0200 was obtained. Reaction 
Sequence III shows the chemical equations involved. 

The mixed PCPSSIP Precursor had a nominal hydroxy equivalent weight of 
about 500 g/mole (generally in the range of 450 to 600 g/mole). The hydroxy 
equivalent weight for the mixed precursor can vary depending on reaction 
conditions (e.g., temperature, rate of methanol removal, catalyst, etc.). 

In the following examples, "PCPSSIP precursor" means the mixture of 
PCPSSIP and PCP 0200. Unless otherwise noted, the molar ratio of PCPSSIP to 
PCP 0200 is approximately 1 .0. In Example 2, the PCPSSIP precursor was 
prepared using zinc acetate (0.24 wt% based on diol charge) instead of tetrabutyl 
titanate. 

In all structures in this application, including those shown for PCP 0200 and 
PCPSSIP, the numbers outside the brackets refer to the average number of units. 

Example 1 

The mixed PCPSSIP precursor prepared as described above except as a 1 
to 0.87 molar mixture of PCPSSIP and PCP 0200 (649.8 g, 0.64 mol based on a 
hydroxyl equivalent weight of 509 for the mixture), additional PCP 0200 (599.4 g, 
i.16 mol), ethylene glycol (89.4 g, 1.44 mol, available from J. T. Baker, Inc., 
Phillipsburg, NJ), and methyl ethyl ketone (1338 mL) was heated to 85°C and dried 
by distilling methyl ethyl ketone (445 mL) from the mixture. After cooling to 
ambient temperature, dibutyltin dilaurate (1 .53 g, 2.4 mmol, available from Alfa 
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Chemical Co., Ward Hill, MA) was added to the dried solution. The dried solution 
was added, with stirring, to a solution of isophorone diisocyanate (800.2 g, 3.60 
mol, available from Huls America, Inc. Piscataway, NJ) in methyl ethyl ketone (533 
mL), which had been heated to 72°C, at such a rate that the temperature of the 

5 reaction mixture did not exceed 85°C. After 1 hour, additional dibutyltin dilaurate 
(1.53 g) in methyl ethyl ketone (50 mL) was added to the solution, and the reaction 
mixture was maintained at 80°C, with stirring, for an additional 3.5 hours. A 
solution of 3-aminopropyltriethoxysilane (159.4 g, 0.72 mol, available from Aldrich 
Chemical Co.) in methyl ethyl ketone (100 mL) was then added to the reaction 

10 mixture which was maintained at 80°C, with stirring, for an additional 45 minutes. 

Water (2 L), at 80°C, was added to the reaction mixture over about a one-hour 
period with vigorous stirring and methyl ethyl ketone was subsequently distilled 
from the mixture under reduced pressure to produce a dispersion (54% solids) of a 
silanol terminated poly(ester-urethane) in water. Modulated Differential Scanning 

15 Calorimetry (MDSC) and tensile properties analyses made of a spun cast film of the 
dispersion indicated that the polymer had a Tg of 26°C and a tensile strength of 
17.9 MPa (2595 psi) at 587% elongation. 

Example 2 

20 A silanol terminated sulfopoly(ester-urethane) was prepared substantially 

according to the procedure of Example 1 except that the reactants were charged as 
follows: 

The mixed PCPSSIP precursor (37.6 g, 0.04 mol), PCP 0201 (52.4 g, 0.10 
mol) (polycaprolactam diol, available from Union Carbide), ethylene glycol (7.44 g, 
25 0. 12 mol), and isophorone diisocyanate (62.2 g, 0.28 mol). The molar ratio of the 
reactants was 1 :6:6:14. Modulated Differential Scanning Calorimetry (MDSC) and 
tensile properties analyses made of a spun cast film of the polymer produced by this 
' reaction sequence indicated that the polymer had a Tg of 1 7°C and a tensile 
strength of 30.6 MPa at 653% elongation. 
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In Examples 3-5, below, the isocyanate utilized was bis(4- 
isocyanatohexyl)methane. 

Example 3 

5 A silanol terminated sulfopoly(ester-urethane) was prepared substantially 

according to the procedure of Example 1 except that the reactants were charged as 
follows: 

The mixed PCPSSIP precursor (53.3 g, 0.06 mol), PCP 0201 (47.7 g, 0.09 
mol), ethylene glycol (3.7 g, 0.06 mol) and bis(4-isocyanatocyclohexyl)methane 
10 (62.9 g, 0.24 mol, H| 2 MDI, available from Bayer Corp., Pittsburgh, PA). The 
molar ratio of the reactants was 1 :4:2:8. Modulated Differential Scanning 
Calorimetry (MDSC) and tensile properties analyses made of a spun cast film of the 
polymer produced by this reaction sequence indicated that the polymer had a Tg of 
14°C and a tensile strength of 14.7 MPa at 502% elongation. 

15 

Example 4 

A silanol terminated sulfopoly(ester-urethane) was prepared substantially 
according to the procedure of Example 1 except that the reactants were charged as 
follows: 

20 The mixed PCPSSIP precursor (56.9 g, 0.06 mol), PCP 0201 (63.6, 0.12 

mol), ethylene glycol (9.3 g, 0. 15 mol) and bis(4-isocyanatocyclohexyl)methane 
(94.3 g, 0.36 mol). The molar ratio of the reactants was 1 :5:5: 12. Modulated 
Differential Scanning Calorimetry (MDSC) and tensile properties analyses made of 
a spun cast film of the polymer produced by this reaction sequence indicated that 

25 the polymer had a Tg of 36°C and a tensile strength of 1 7.4 MPa at 390% 
elongation. 

Example 5 

A silanol terminated sulfopoly(ester-urethane) was prepared substantially 
30 according to the procedure of Example I except that the reactants were charged as 
follows: 
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The mixed PCPSSIP precursor (53.3 g, 0.06 mol), PCP 0201 (15.9 g, 0.03 
mol), ethylene glycol (7.45 g, 0.12 mol) and bis(4-isocyanatocyclohexyI)methane 
(62.9 g, 0.24 mol). The molar ratio of the reactants was 1 :2:4:8. Modulated 
Differential Scanning Calorimetry (MDSC) and tensile properties analyses made of 
5 a spun cast film of the polymer produced by this reaction sequence indicated that 
the polymer had a Tg of 80°C and a tensile strength of 1 8.2 MPa at 111% 
elongation. 

The following example teaches the preparation and reaction of a sulfonated 
10 polyester diol other than PCPSSIP. 

Example 6 

A mixture of DMSSIP (74.0 g, 0.25 mol), 1 ,4-cycIohexanedimethanol 
(180 g, 1.25 mol, available from Aldrich Chemical Co.), and tetrabutyi titanate 

15 (0.1 g, 0.3 mmol) was heated to 200°C and maintained at that temperature, with 
stirring, for four hours, and then cooled to 1 50°C where it was maintained, with 
stirring, for an additional five hours. The temperature of the reaction mixture was 
then increased to 180°C and e-caprolactone (228 g, 2.0 mol, available from Aldrich 
Chemical Co.) containing dibutyltin dilaurate (0.2 g, 0.3 mmol) was added to the 

20 reaction mixture, with stirring, over a period of 30 minutes. The mixture was 
maintained at 180°C, with stirring, for three hours and then cooled to room 
temperature, to produce an oily precursor composition comprising a 1 :3 molar ratio 
of a sulfonated diol and a diol resulting from the reaction of 1,4- 
cyclohexanedimethanol (1 part) with e-caprolactone (2 parts). The thus prepared 

25 precursor was converted to a silanol terminated sulfopoly(ester-urethane) 

substantially according to the procedure of Example 1 by reacting 55.9 g of the 
precursor with PCP 0201 (62.9 g, 0. 12 mol), ethylene glycol (5.58 g, 0.09 mol), 
isophorone diisocyanate (79.9 g, 0.36 mol) followed by reaction with 
aminopropyltriethoxy silane (1 1.7 g, 0.053 mol). Modulated Differential Scanning 

30 Calorimetry (MDSC) and tensile properties analyses made of a spun cast film of the 
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polymer produced by this reaction sequence indicated that the polymer had a Tg of 
29°C and a tensile strength of 28.6 MPa at 341% elongation. 

The following Example teaches the practice of the invention by the 
embodiment of first preparing a hydroxy! terminated poly(ester-urethane), reaction 
of this hydroxyl terminated poly(ester-urethane) with an electrophilic alkoxy silane 
reagent, and reaction of the alkoxy silane terminated poly(ester-urethane) with an 
electrophilic alkoxy silane reagent, and reaction of the alkoxy silane terminated 
poly(ester-urethane) with water. 

Example 7 

A mixture of PCPSSIP precursor (57.33 g, 0.06 mol, with a hydroxy 
equivalent weight of 475), PCP 0201 (62.76 g, 0. 12 mol, available from Union 
Carbide Corp.), ethylene glycol (9.32 g, 0. 15 mol) and dibutyltin dilaurate (0.16 g, 
0.25 mmol) in methyl ethyl ketone (85 mL) was heated to 80°C and a solution of 
isophorone diisocyanate (66.69 g, 0.3 mol) in methyl ethyl ketone (44 mL) added to~ 
the mixture, with stirring, at a rate such that the reaction temperature did not 
exceed 80°C. Approximately 30 minutes subsequent to the completion of the 
addition of the isophorone diisocyanate solution, dibutyltin dilaurate (0. 16 g) in 
methyl ethyl ketone (1 mL) was added to the reaction mixture and the reaction 
maintained at 80°C, with stirring, for an additional 3.5 hours. A solution of 
isocyanatopropyltriethoxy silane (14.82 g, 0.06 mol, available from Huls America, 
Inc.) in methyl ethyl ketone (5 mL) was added to the reaction mixture and the 
mixture maintained at 80°C, with stirring, for approximately one hour. (Infrared 
analysis (2250 cm* 1 ) of the reaction mixture at this point indicated no residual 
isocyanate remained.) Water (260 mL) was added to the reaction mixture, with 
stirring, over a period of approximately ten minutes and the methyl ethyl ketone 
was distilled from the mixture under reduced pressure to produce a dispersion of a 
silanol terminated sulfopoly(ester^urethane). Modulated Differential Scanning 
Calorimetry (MDSC) and tensile properties analyses made of a spun cast film of the 
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polymer produced by this reaction sequence indicated that the polymer had a Tg of 
7°C and a tensile strength of 17.9 MPa at 295% elongation. 

Example 8 

A silyl terminated sulfopoly(ester-urethane) was prepared as follows: 
A 6/5-(propylamino) terminated polysiloxane having an average molecular 
weight of approximately 5,000 was prepared as follows: 

A solution of bis(3-aminopropyl) tetramethyl disiloxane (14.96 g, 0.06 
moles, available from Aldrich Chemical Co.) in octamethylcyclotetra-siloxane 
(352.9 g, available from General Electric Co.) was purged with argon for 20 
minutes, followed by heating the solution to 150°C, adding 0.06 g of a 50% solids 
(w/w) aqueous cesium hydroxide solution and maintaining the resulting reaction 
mixture of 1 50°C for an additional 6 hours. The reaction mixture was then cooled 
to 70°C, neutralized with excess triethyl amine and acetic acid, and heated to 130- 
160°C under 10 mm Hg vacuum for at least 5 hours to remove cyclic siloxanes. An 
6w-(propylamino) terminated polysiloxane having a theoretical molecular weight of 
5,000 was obtained after the reaction mixture was cooled to ambient temperature 
and filtered to remove cesium acetate. 

An aliquot of the 1:5:5:12 isocyanate terminated sulfopoly(ester-urethane) 
(44.37 g of a 65.4% solids solution in MEK, 0.01 mol isocyanate) was provided 
from Example 4, above, and was diluted with MEK (3 1 g). To this solution was 
added a mixture of the above described Aw-(propylamino) terminated polysiloxane 
(6.25 g, 0.0025 mol amine) and aminopropyl trimethoxysilane ( 1 .66 g, 0.0025 mol 
amine) in MEK (10.8 g), with stirring. The reaction mixture was stirred at ambient 
temperature for approximately 10 minutes, after which it was heated to 50°C and 
water (10 g) was added to the mixture. After approximately one hour at 50°C, 
additional water (147.6 g) was added to the reaction mixture to produce a 
dispersion of the hydrolyzed sulfo poly(ester-urethane) in MEK/water. MEK was 
subsequently distilled from the dispersion to produce an approximately 20% solids 
dispersion of the hydrolyzed sulfo poly(ester-urethane) in water. A portion of the 
dispersion was coated on a poly(ethyleneterephthalate) (PET) film and the coating 
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dried at 80°C in a circulation air oven for approximately 5 minutes to produce a 
clear release coating on the PET film. SCOTCH™ Brand filament tape (#898, 
available from 3M, St. Paul, MN) or SCOTCH™ Brand masking tape (#232, 
available from 3M) exhibited substantially no adhesion to the coating while 
5 SCOTCH™ Brand Magic Mending Tape (3M) exhibited very low adhesion to the 
coating. The integrity of the coating, or lack of transfer to the adhesive, was 
demonstrated by folding the tape test strips over on themselves to produce 
adhesive/ adhesive contact, and then attempting to separate the thus created bond. 
In all cases, the strength of the adhesive/adhesive bond was qualitatively judged to 
10 be substantially the same as the bond strength of a control sample which had not 
been applied to the coating. 

Various modifications and alterations of this invention will become apparent 
to those skilled in the art without departing from the scope and spirit of this 
15 invention, and it should be understood that this invention is not to be unduly limited 
to the illustrative embodiments set forth herein. 
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We Claim: 



1 . A water-dispersible sulfopoly(ester-urethane) composition 
comprising in its backbone at least one arylene or alkylene sulfonic acid group or a 
5 salt thereof, the polymer being terminated by at least one hydrolyzable silyi group, 
said composition optionally further comprising 40 or more weight percent water or 
aprotic liquid, based on the weight of the total composition, to provide a dispersion 
of said composition in said liquid. 

10 2. The composition according to claim 1 having a number average 

molecular weight in the range of 2,000 to less than 50,000 and a sulfonate 
equivalent weight in the range of about 500 to about 12,000 g/equivalent. 

3. The sulfopoly(ester-urethane) composition according to claims 1 
15 or 2 comprising the structural formula 

r4-?-o-r^(x 1 -^ 
so 3 M 

wherein 

R is a C 6 -C| 2 aryltriyl group(trivalent aryl group) in which M is a cation, 
R D is 1) at least one of a divalent linear or branched organic group of 20 to about 
20 150 carbon atoms in units of 2 to 12 methylene groups and arylene groups 

of 6 to 10 carbon atoms separated by at least one of 1 to 50 catenary 

oxygen atoms and by 1 to 30 oxycarbonyl groups, 



(—O 

or 

25 R D is 2) an organic group selected from the group consisting of a linear or branched 
alkylene group having 2 to 12 carbon atoms, a cyclopentamethylene group, 
a cyclohexamethylene group, a 5- or 6-membered azacyclic group, a 
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phenylene group, a naphthalene group, a phenylenemethylenephenylene 
group, or 

R D is 3) the structure {-R^QC^R^X^R'V} where p is an integer from 1 to 5, 

produced by the reaction of a polyol with an isocyanate having the structure 
OCN-R 2 -NCO to produce a segment having a molecular weight of from 500 
to 4,000, preferably 800 to 2,000; 
R 1 is linear or branched alkylene group having 

2 to 12 carbon atoms or an arylene group having 6 to 10 carbon atoms; 

X 1 is 

Lo o 
H — • — nhJnh , or — oc — ; 

. R 2 is an organic group preferably selected from the group consisting of a linear or 

branched alkylene group having 2 to 12 carbon atoms, a 

cyclopentamethylene group, a cyclohexamethylene group, a 5- or 6- 

membered azacyclic group, a phenylene group, a naphthalene group, a 

15 phenylenemethylenephenylene group, 

s = 0orl, 
n = 0orl, 

m = 0 or 1 , with the proviso that at least one of n or m is 1 ; 
X 2 is 

? f f? T* ? ? A ? 

—O-c-N— ' — N-C-N— • — O-C— . N— C— S — » 



10 



20 



O R A R A O 

— S— C-N— • or — N— C— O— 

wherein R A can be hydrogen or lower alkyl having 1 to 4 carbon atoms; 
R H is a divalent hydrophobic group selected from 

divalent oligomeric siloxanes having the structure 



25 



R 

R 3 — (SiO)— R 

R s 
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divalent organic groups having the structure 



-R 3 — N— R 3 — 



A. 



comprising a pendant alkyl group; 

or divalent organic groups having one of the structures 

— R 3 — N— R 3 — * R 3 — N— R 3 — 



io 2 R 7 



R f NH 



|o 2 

R- 



f 

or quaternary salts thereof, 
wherein R r is a fluorocarbon pendant group, as defined below; 
wherein 

R 3 is a divalent organic group selected from the group consisting of linear or 
10 branched alkyl ene group having 2 to 12 carbon atoms, arylene or alkarylene 

groups, each having 6 to 20 carbon atoms; 
R 4 is a monovalent lower alkyl group having from 1 to 4 carbon atoms; 
R 5 is a monovalent group selected from the group consisting of alkyl groups of one 
to about twelve carbon atoms, aryl having 6 to 1 0 carbon atoms, or aralkyl 
15 groups having 6 to 1 0 carbon atoms, with at least 70% of R 4 being methyl; 

e is an integer of from about 10 to about 300; 
X* is a covalent bond, a carbonyl 

/ O \ 



O 



group, 

20 or an amide group 
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R 6 is a monovalent group selected from the group consisting of alkyl groups of 

about 4 to about 60 carbon atoms, 
R 7 is a divalent group selected from the group consisting of alkylene groups of 2 to 

about 12 carbon atoms; and 
5 Rf is a monovalent saturated fluoroaliphatic group having 6 to 12 carbon atoms, at 

least four of which are fully-fluorinated carbon atoms. 

4. The composition according to claim 3 wherein M is hydrogen, a 
metal cation, or a quaternary ammonium cation. 

10 

5. The composition according to claims 3 or 4 wherein R D is at least 
one of a divalent linear or branched organic group comprising methylene groups 
and arylene groups separated by any of 1 to 20 catenary oxygen atoms and 1 to 10 
oxycarbonyl groups, an organic group which is substituted by up to four lower alkyl 

15 groups having 1 to 4 carbon atoms and a total of up to 1 5 carbon atoms, or wherein 
R D is chain extended by a transesterification reaction between (a) a diol terminated 
ester precursor and (b) a lower aliphatic diester of an aliphatic acid or an aliphatic 
lactone. 

20 6. The composition according to any of claims 3 to 5 wherein R 2 is 

substituted by up to four lower alkyl groups having 1 to 4 carbon atoms and a total 
of at most 1 5 carbon atoms. 

7. The composition according to any of claims 3 to 6 wherein R H is at 
25 least one of said oligomeric siloxane, said divalent organic group comprising a 
pendant alkyl group, and R H is said divalent organic group having a pendant 
fluorocarbon group. 
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8. The composition according to any of claims 1 to 7 which has been 
hydrolyzed to produce a po!y(sulfo silanol) having any of the formulae VIII, XV, 
XIX: 



f*. 



WO 97/03101 



PCT/DS96/10881 
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-ft-0-R & -X'-R 3 -Si(OH) (OR 4 )3- q 



SO3M 



(vni) 




-0-R e -X , -R 2 -X 2 -R 3 -Si(OH)_(OR 4 ) v 1 



(XV) 




f-0-R I ^X l -R 2 -X'-R U -X , -R 2 -X 2 -R 3 -Si(OH) (OR 4 ) 3 -q 



O3M 



(XIX) 



wherein M, R D , X 1 , X 2 , R 2 , R\ and R" 1 are as previously defined; and 
q is a number from 1 to 3. 

9. The composition according to any of claims 3 to 8 wherein 



O3M 



is a unit selected from the group consisting of 



o 



10 



o 




S03M 

o 

- -0-R'-(X'-R , )-OIl 1 -0-i:— 




or 



O3M 



WO 97/03101 



-30- 
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— I— i- O-Ri|(X'-R 1 )-(X , -R J )-(X'-R l )]-X l -R»-0-?— J^J~~ ^~ '" 

SOjM 



T 



wherein R l , R\ R D , R H , R\ R 4 , and R 5 are defined above, except that R l can 
be an oligomeric segment; 
a can be 1 to 10, 
b can be 0 to 4, and 
c can be I to 15. 
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10. An article comprising a substrate bearing a layer of the poly(ester- 
urethane) according to claim 1 on at least one surface thereof which optionally is an 
adhesive tape or exhibits release characteristics towards adhesive materials. 
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